from the septal and dorsal sub-ventricular zones that continue producing them well into 31 adulthood. Yet, little is known about their properties and functions. Using transgenic 32 approaches and patch-clamp recording we show that CR(+) PG cells of both septal and dorsal 33 origin have homogenous morphological and electrophysiological properties. They express a 34 surprisingly poor repertoire of voltage-activated channels and fire, at most, one action 35 potential. They also receive little synaptic inputs and NMDA receptors predominate at 36 excitatory synapses. These properties, that resemble those of immature neurons, persist 43 GABAergic interneurons constitute the vast majority of all neurons in the olfactory bulb, 44 the first relay for odor processing in the brain. As elsewhere in the brain, olfactory bulb 45 interneurons are diverse and the functional implications of this diversity are still partially 46 understood (Burton, 2017) . Answering this question requires a systematic analysis of each 47 interneuron subtype, covering their developmental origin, morphology, physiology and 48 molecular identity. Many studies have focused on granule cells, the most abundant 49 interneurons in the bulb, that make reciprocal dendrodendritic synapses on mitral and 50 tufted cells lateral dendrites. Much less is known about periglomerular (PG) interneurons 51 that exclusively interact with the apical dendrites of mitral and tufted cells. 69 Functionally, PG cells have been classified into two classes: type 1 PG cells that receive 70 direct synaptic inputs from OSNs, and type 2 PG cells that do not. Like CB(+) PG cells, 71 dendrites of CR(+) PG cells avoid compartments of the glomerulus that contain OSN 72 terminals and have therefore been classified as type 2 PG cells (Kosaka and Kosaka, 2007) . Consistent with this classification, we recently confirmed that CR(+) PG cells do not receive 74 synaptic inputs from OSNs (Najac et al., 2015) . Several observations, however, suggest 75 unique properties of CR(+) PG cells. For instance, they have different embryonic origins than 76 CB(+) PG cells (Kohwi et al., 2007) aspects of the postnatal SVZ (Fig 1A) . We sacrificed the mice at 1.5 months and 3 months 99 and quantified recombined CR(+) PG cells expressing the immature neuronal marker 100 doublecortin (DCX) to determine the spatial origin of cells generated in the last 2/3 weeks 101 (Fig 1B) . CR microdomains, which appeared more pronounced for the septal SVZ (Fig 1D, E) . Thus, while 116 CR(+) PG interneurons present a dual origin, the contribution of the septal SVZ declines 117 faster than the contribution of the dorsal SVZ in their generation. 118 These observations prompted us to investigate possible morphological differences 119 between CR(+) PG cells produced by the septal and dorsal SVZ. Individual CR(+) PG cells 120 originating from both SVZ microdomains were reconstructed 21 days post-EPO ( Fig 1F) and 121 compared with CB(+) PG cells at the same age. All reconstructed cells (n=26 CR(+) from 122 septal EPO, n=29 CR(+) and n=25 CB(+) from dorsal EPO, in n=3 mice per condition) had the 123 typical morphology of mature PG cells i.e. no axon and a polarized dendritic tree ramifying 124 within a single glomerulus (Fig 1F) . Quantitative analysis of dendritic length and number of 125 nodes (Fig 1G) , as well as a Sholl analysis that measures the number of times the dendrites 126 intersect with consecutive concentric circles (Fig 1H) revealed a similarly complex and a 127 rather homogeneous morphology for CR(+) PG cells, independent of their origin (p>0.05 for 128 all dorsal/septal CR(+) comparison in Fig 1G and H) . The Sholl analysis also revealed no 129 significant difference between CR and CB-expressing PG cells (Fig 1H) , although dorsal CR(+) 130 cells had a tendency for shorter dendrites and septal CR(+) cell a tendency for more nodes 131 ( Fig 1G) . Thus, CR(+) PG cells with distinct spatial origin have largely similar morphologies 132 and, despite small differences that may reflect the morphological immaturity of some cells 133 included in this analysis, resemble CB(+) PG cells. (Fig 2A) . To assess if EGFP labels a 140 subpopulation of CR(+) PG cells with a specific origin, we transiently electroporated the 141 septal or dorsal SVZ of CR::EGFP newborn pups with a plasmid encoding tdTomato (Tom) ( Fig   142   2A ). Three weeks later, we quantified the fraction of Tom(+)/CR(+) PG cells that also 143 expressed EGFP (n=69 and n=43 Tom(+)/CR(+) PG cells counted in 3 mice, respectively). We 144 found that both the septal and dorsal SVZ produced EGFP(+) PG cells, although in different 145 proportion (67±10% and 29±4%, respectively; Fig 2B) . The number of EGFP(+) among CR-146 expressing PG cells slightly decreased from ~80% at 10 days to ~50% in adult mice (Fig 2C) , 147 possibly reflecting the increasing contribution of the dorsal SVZ to their production. 148 However, reconstructions of individual Tom(+)/CR(+) cells positive (n=43) or negative (n=12) 149 for EGFP revealed no morphological differences between the two populations (p=0.58 for 150 total length and p=0.91 for surface; Fig 2D, E) . 151 Finally, we conducted a birth dating experiment to determine if the EGFP labeling also 165 Having established that EGFP expression faithfully reflects the spatio-temporal diversity 166 of CR(+) PG cells, we examined the functional properties of EGFP(+) PG cells using patch- induced at most a single action potential, sometime followed by a spikelet (Fig 3A) . pulse, depolarizing steps only evoked fast inward Na + currents followed by rapidly 199 inactivating outward K + currents (Fig 3D) . Ca 2+ inward currents were not seen under these 200 recording conditions suggesting that they may be too small to be detected (see (Fogli Iseppe   201 211 We have already shown that EGFP(+) PG cells receive less spontaneous excitatory 212 synaptic inputs (sEPSC) than other type 2 PG cells and respond to a stimulation of the 213 olfactory nerve with a smaller composite EPSC (Najac et al., 2015) . This is here illustrated 214 with a paired recording of two PG cells, one EGFP(+) and one EGFP(-), projecting into the 215 same glomerulus (Fig 4A) . To complement our previous analysis, we recorded sEPSC from 216 animals at different ages (n=52 cells) and also examined their spontaneous inhibitory inputs 217 (sIPSC, n=42 cells). The majority of the cells tested received a low frequency of spontaneous 218 EPSCs (90% received less than 5 sEPSC/s and 75% less than 2 sEPSC/sec; Fig 4B) . This 219 frequency is much lower than in other type 2 PG cells. For instance, PG cells labeled in the 247 The diversity of membrane properties observed in our random sampling of EGFP(+) PG 248 cells is consistent with a developmental maturation of the intrinsic membrane properties 249 across cells generated at different time. How synaptic integration progress in time is less 250 clear. To clarify this question, we examined the properties of age-matched EGFP(+) PG cells 251 co-labeled, using targeted EPO of the septal SVZ, with tdTomato ( Fig 5A) . Tom(+)/EGFP(+) PG 252 cells were recorded at different intervals after EPO (n=50 cells, 15-63 days post EPO). As 253 expected, these cells had similar properties as those described before, i.e. they fired at most 254 a single action potential and received little spontaneous synaptic inputs. However, most of 255 the cells tested fired an overshooting action potential (n=22/25 at ≥20 days post EPO; Fig 5B ) 256 suggesting that cells that did not fire or fired a rudimentary action potential in our random 257 sampling of EGFP(+) PG cells were <20 days old. In contrast, the frequency of the 258 spontaneous synaptic inputs was not correlated with the age of the cell (Fig 5C) . Similar to (Fig 6C) . The number of spikes evoked by the stimulation of 282 the OSNs (from 2 to >16, average 5.8 ± 4), as well as the duration of the burst varied across 283 cells, consistent with the diverse functional profiles of PG cells (Fig 6A,B) (Najac et al., 2015) . 284 In sharp contrast, OSN stimulations produced no response at all (n=8 cells) or a single, 285 occasionally two, small monophasic capacitive currents (15 ± 2 pA, n=10 cells) in EGFP(+) PG 286 cells (Fig 6A-C) . Increasing the intensity of stimulation did not change the responses . 332 We demonstrate that this complex spatial and temporal origin does not translate into 333 morphological and electrophysiological differences. Using the CR::EGFP reporter mouse line, 334 we found that CR(+) PG cells originating from distinct stem cells and generated at different 
CR(+) PG cells fire at most one action potential at any stage of maturation

CR(+) PG cells receive little synaptic inputs at immature synapses
Synaptic integration of CR(+) PG cells does not progress over time
